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Specification /153* 

1. Name of this invention 

Electrophoresis Display Device and its Production 

2. Claims 

[1] Electrophoresis display device with the following 
characteristic: 

With an electrophoresis display device prepared by dividing 
the system into non-continuous phases using a porous spacer while 
sealing a dispersion system consisting of dispersed electrophoresis 
particles between a pair of electrode plates positioned to face 
each other where at least ,one of electrodes is clear; 

one of said electrodes is made of a calcifying material, while 
the other electrode plate is made of a durable material, and a hot- 
melt adhesion layer is placed around the porous spacer positioned 
between those electrode plate. 

[2] In Claim 1, said porous spacer is made of an elastic 
material. 

[3] In Claim 1, said porous spacer is made of a photosensitive 

film. 

[4] In Claims 1-3, said hot-melt adhesive layer is a 
polyamide resin. 

* Numbers in the margin indicate pagination in the foreign text. 
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[5] Electrophoresis display device production method comprised 
of the following processes: 

After a calcifying electrode plate and transparent durable 
electrode plate are prepared by forming specific electrode patterns 
on one surface of each electrode plate, and an excessive amount of 
dispersion system containing dispersed electrophoresis particles is 
supplied to. the porous spacer placed at the electrode pattern side 
of the durable electrode plate, said calcifying electrode plate is 
placed on said porous spacer so that the electrode pattern can face 
to the electrode pattern of said durable electrode plate; then, 
said dispersion system is sealed into each hole of ,the porous 
spacer by heat-pressing the hot-melt adhesive layer with a 
calcifying electrode plate positioned around the porous spacer 
while excessive dispersion system is pushed out by providing hot 
pushing pressure onto the upper surface of the calcifying electrode 
plate. 

[6] In Claim 5, said durable electrode plate and porous spacer 
are pre-adhered. 

[7] In Claim 5 or 6, said porous spacer is made of an elastic 
material. 

[8] In Claim 5 or 6, said porous spacer is made of a 
photosensitive material. 



[9] In Claim 5 - 8, a polyamide type resin is used as the hot- 
melt adhesive layer. 

[10] In Claims 5-9, the heat^bonding process performed to 
the porous spacer of the calcifying electrode plate is sequentially 
performed from one end of the calcifying electrode plate using a 
heat roller. 

3. Detailed Explanation of this Invention 

[Industrial Field] 

This invention pertains to a display device utilizing 
electrophoresis particles and is particularly associated with a 
dispersion/division type electrophoresis display device easily and 
assuredly sealing the dispersion system into each hole of the 
porous spacer using a calcifying electrode plate made of resin film 
and a porous spacer dividing the display dispersion system into 
irregular small phases. 

[Conventional technology and its problems] 

As shown in Fig. 3, this type of electrophoresis display 
device utilizing electrophoresis particles is conventionally 
produced by preparing two clear glass plates 1, 3 separately 
containing display electrode patterns 2, 4 on the electrode surface 
facing with each other using a clear conductive material (e.g., 
tin, indium oxide) , and a sealing part 5 which is also used as a 
spacer is formed around the outer circumference area so as to seal 
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the dispersion system 7 containing electrophoresis particles 6 in a 
liquid dispersion medium between the opposing two electrodes. 

This type of electrophoresis display device can be used for 
screen display (e.g., characters, symbols, and figures) by applying 
electric fields to the dispersion system 7 to vary the optical 
characteristic of the dispersion system 7 in order to change the 
distribution of electrophoresis particles 6 so that electrophoresis 
particles 6 can be attached to or separated from the electrode 
patterns 2, 4 by impressing a voltage to electrode patterns 2, 4. 

When the dispersion system 7 is sealed using continuous phases 
of -sealing part 5 as described above, electrophoresis particles 6 
cause movements parallel to the electrode pattern surfaces due to 
uneven electric field strength caused by spacial unevenness between 
electrode patterns 2, 4. As a result, since density distribution 
of electrophoresis particles becomes uneven, long duration of 
repeated use of such electrophoresis display device causes locally 
uneven density of electrophoresis particles and display surface 
irregularity. 

To solve those problems, by sealing the dispersion system into 
each hole of porous spacer having numerous penetrated holes, the 
dispersion system was divided and sealed as non-continuous small 
phases (see Fig. 4; refer to Patent No. 49-32038, 59-34518, 59- 
171938) . 



However, with those methods which form cells prepared by pre- 
adhering both electrodes and porous spacer in the purpose of 
forming such non-continuous small divided particle phases, it is 
difficult to evenly inject the dispersion system into each hole of 
porous spacer, resulting in insufficiently filled areas, which 
consequently causes display defects. Therefore, the method is 
difficult to produce highly reliable display devices. 

[Method to Solve the Problems] 

To solve said problems, this invention provides a 
dispersion/division type electrophoresis display device with the 
following characteristic: A .hot-melt adhesive layer is prepared to 
the required areas of porous spacer for providing adhesiveness 
using heat and pressure, and one of electrodes is made of a 
calcifying material. With this method, the dispersion system can 
be easily and assuredly injected into each hole of the porous 
spacer. 

In practice, this invention provides a method of producing an 
electrophoresis display device with the following characteristic: 

With an electrophoresis display device prepared by dividing 
the system into non-continuous phases using a porous spacer while 
sealing a dispersion system consisting of dispersed electrophoresis 
particles between a pair of electrode plates positioned to face 
each other where at least one of electrodes is clear; one of said 



electrodes is made of a calcifying material, while the other 
electrode plate is made of a durable material, and a hot-melt 
adhesion layer is placed around the porous spacer positioned 
between those electrode plate. 

The porous spacer can be prepared by an applicable method 
using various kinds of elastic materials or photosensitive films. 

To prepare this type of electrophoresis display device, 7155 
first, after a calcifying electrode plate and transparent durable 
electrode plate are prepared by forming specific electrode patterns 
on one surface of each electrode plate, and an excessive amount of 
dispersion system containing dispersed electrophoresis particles is 
supplied to the porous spacer placed at the electrode pattern side 
of the durable electrode plate, said calcifying electrode plate is 
placed on said porous spacer so that the electrode pattern, can face 
to the electrode pattern of , said durable electrode plate; then, 
said dispersion system is sealed into each hole of. the porous 
spacer by heat-pressing the hot-melt adhesive layer and calcifying 
electrode plate positioned around the porous spacer while excessive 
dispersion system is pushed out by providing hot pushing pressure 
onto the upper surface of the calcifying electrode plate. 

This method can speedily and assuredly inject/seal a 
dispersion system into each hole of porous spacer used for the 
division type display dispersion system. 
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[Operational Example] 
The following explains the operational example of this 
invention. In Fig. 1, item 1 is a clear glass plate used as a base 
material for forming a transparent durable electrode plate, and a 
clear conductive material (e.g., indium oxide/tin) is used to from 
a necessary electrode pattern 2 over the upper surface of the 
electrode. A porous spacer 8 is applied on the upper surface of 
this durable electrode plate so as to divide the dispersion system 
into small sections to be sealed. Furthermore, a calcifying 
electrode having a film material 10 forming another electrode 
pattern 4 is placed facing against the clear electrode at a 
specific distance from the clear electrode. This calcifying 
electrode plate can consecutively push out excessive dispersion 
system 7 while being adhered to the spacer 8 with a heated-pressure 
force {described later) applied from the upper surface of the 
calcifying electrode plate, thereby completely sealing the 
dispersion system 7 not containing any air hole into each opening 
of the porous spacer 8. As a result, the calcifying electrode can 
effectively perform the division/sealing of dispersion system 7 and 
sealing among related parts. 

The porous spacer 8 performing the heat-pressuring process 
with the calcifying electrode plate has a hot-melt adhesive layer 9 
(preferably polyamide resin) as shown in the surrounding area 
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filled with lines in Fig. 2. This hot-melt adhesive layer 9 may 
be a sheet-like hot-melt adhesive material (e.g., PA-50, product of 
Diabond) . The porous spacer 8 can be prepared by various methods. 
For example, first, an elastic sheet made of synthetic rubber, such 
as silicone rubber, urethane rubber, fluorine rubber, acryl rubber, 
or natural rubber, is prepared, to which numerous penetrated holes 
8A are formed using an appropriate method, such as punching or 
laser. The prepared sheet may be bonded to the electrode pattern 
side of durable electrode plate, or it may be directly formed onto 
the electrode pattern side by printing an elastic material. 
Anot::^.er method is that, after a photosensitive resin with specific 
thickness is adhered and formed on the electrode pattern side, 
penetrated holes 8A are formed using a chemical melting method 
(e.g. , etching) . 

In addition to titaniiim oxide or conventional various colloid 
particles, dispersion system 7 may be made of various 
organic /inorganic pigments, dye, ceramics, or resin fine powder. 
Also, as a dispersion medium for the dispersion system 7, in 
addition to hydrocarbon, other materials, such as hydrocarbon 
halide, aromatic hydrocarbon, various natural or synthetic oils, 
may be used. If necessary, in addition to electrolyte, a surface 
activator, metallic soap, charge control agent consisting of resin, 
rubber, oil, varnish, or compound particles, dispersion agent. 



lubricant, or stabilizer may be added. Furthermore, other 
adjustments may be provided to the system. For example, the 
electric charge of electrophoresis particles may be adjusted to 
positive or negative; Zeta potential is increased; or, adhesiveness 
of electrophoresis particles to the electrode patterns 2, 4 as well 
as the viscosity of dispersion medium may be arranged. 

To produce said dispersion/division type electrophoresis 
display device, first, a dispersion system 7 is pre-prepared by 
dispersing electrophoresis particles (e.g., titanium oxide) in an 
appropriate liquid dispersion medium most suited for display 
purpose; after this dispersion., system 7 is excessively supplied /15 
to the porous spacer 8, this spacer 8 is completely covered with 
the dispersion system 7. 

For the dispersion system 7, 100 cc of hexyl benzene is used 
as a dispersion medium, to which 0.5 g of surface activator 
consisting of 1 g of dark blue dye made of oil blue BA and Silvan 
S83 is melted. By dispersing 5 g of titanium oxide in this 
solvent, the dispersion system is pre-prepared. 

Next, as shown in Fig. 1, heated pressure force is applied to 
the upper surface of the calcifying electrode plate using a heated 
roller or other similar device, continuously sealing the surface 
from one end, while the electrode pattern 4 of the calcifying 
electrode plate is arranged to face the electrode pattern 2 of the 
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durable electrode plate. As a result, calcifying electrode, plate 
is sufficiently pressed against the porous spacer 8 to heat-adhere 
with the surrounding hot-melt adhesive layer. During this process, 
the dispersion system excessively supplied into holes 8A of the 
porous spacer 8 is pushed out from each hole of the spacer 8, 
properly sealing the dispersion system 7. As a result, complete 
sealing of division/dispersion type porous spacer 8 with no empty 
hole with thorough adhesion of each part can be easily and quickly 
provided. 

When a switching test is performed to the electrode plates of 
the electrophoresis display device prepared as described above by 
repeatedly impressing 70 DC current, electrophoresis particles were 
uniformly distributed after 1,000,000 times of switching, being 
able to provide display with excellent contrast. 

[Effectiveness of this Invention] 

With this invention, using an electrophoresis display device 
prepared by dividing the dispersion system into small non- 
continuous phases using a porous spacer for sealing the dispersion 
system between electrodes, one of said electrodes is made 
calcifying, while the other electrode plate is made of a durable 
material. Then, a spacer with a heat-pressure adhesive 
characteristic is placed between those electrodes. Excessive 
dispersion system can be pushed. out by consecutively applying heat- 



pressure to the calcifying electrode plate around which a said 
adhesive porous spacer containing an excessive dispersion system is 
formed. At the same time, heat-pressure can adhere the porous 
spacer and calcifying electrode. As a result, the adhesion between 
the spacer and electrode can be assured without forming any air 
hole in the dispersion system, thereby providing an efficient, 
quick, and simple division-type sealing process for the spacer. 

Therefore, this invention can provide a highly reliable 
dispersion/division type electrophoresis display device capable of 
producing excellent image contrast with no display defect. 
4 . Simple Explanation of the Figures 

Figure 1 is a cross-sectional diagram of the operational 
example showing the concept of the dispersion/division type 
electrophoresis display device having a heat-pressed porous spacer 
between clear durable electrode and calcifying electrode. 

Figure 2 is a diagram showing the condition of the adhesion 
process when a hot-melt adhesive layer is placed around the porous 
spacer for simplifying the bonding process of the calcifying 
electrode and porous spacer according to the method based on this 
invention . 

Figure 3 is a conceptual . cross-sectional diagram of a 
conventional electrophoresis display device prepared by dispersion 
type continuous phases. 



Figure 4 is a conceptual cross-sectional diagram of a . 
conventional electrophoresis display device prepared by dispersion 
type continuous phases using a porous spacer. 
1... Clear glass plate; 
2. . .Electrode pattern; 
3... Clear glass plate; 
4. . .Electrode pattern; 
5 . . . End spacer; 

6 .. .Electrophoresis particles; 

7 .. .Dispersion system for display; 

8... Porous spacer; 

8A. .. Penetrated hole in spacer; 

9... Hot-melt adhesive layer; 

10. . .Film base material 
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Figure 1 Figure 3 




^OOOOOO 

:<::^ooop oo 
o opio o 

Figure 2 



,8 A'*-* 




...f../ 



nam «■ 



Figure 4 



14 



